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ABSTRACT 

In a simple search for muon pairs directly produced in proton- 

nucleon collisions at 300 GeV performed with two range telescopes, we 

observed the 41(3105). 
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This note describes the result of a simple test designed to study 

the direct production of muon pairs in 300-GeV proton-nucleon collisions 

in a beam dump at the Fermi National Accelerator Laboratory. The 

reaction studied was 

p+N--)J.+~L+X (1) 

where X was unobserved and the muon energies were measured through 

their ranges, without determining their sign. 
1 

We detected symmetric 

and almost symmetric dimuon combinations, corresponding to dimuons 

emitted forward or at rest in the c. m. system. These configurations 

are expected to yield a relative large number of events. The main 

emphasis of the test was to search for gross structure in the dimuon 

mass spectrum. 

As sketched in Fig. 1, the setup consisted of two symmetric range 

telescopes, which looked at the front of the Meson Area beam dump, first 

at an angle of 96 and then at 76 mrad with respect to the primary beam. 

Each telescope consisted of six 5-in. X 5-in. X O.Z5-in. scintillation 

counters interspersed in steel blocks. A seventh counter (S) was added 

to one arm before the last measurements. The scintillators were sus- 

pended in air-light guides viewed by 56-AVP photomultipliers. The 

light guides of alternate counters were rotated by 90 “. The photo- 

multiplier divider bases (current pumped zeners) were capable of high- 

average currents. In each arm ((Y or p) the counters were placed in 

sequential two-fold coincidences: 
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@2 = C1C2’ a3 = LY2c3, cY4 = a3c*, a5 = (Y4C5’ cy6 = Q5C6, a7 = (Y5s, 

P, = C7C8’ P, = P c 2 9. etc. For the original configuration each 

coincidence accepted muons with a momentum larger than 16.9, 19.6, 

22.3, 25.0, 30.4, and 38.6 GeV. For some runs the first two absorber 

blocks were removed and in others S was moved behind the last iron 

block. 

The counter combinations of the two range telescopes were placed 

in two-fold coincidences; the symmetric combinations were: a2P2. 

cf3P3’ cf4P43 Q5P5’ a6P6. Also a number of asymmetric combinations 

were recorded ( u2p3, Q3PZ’ Q2P4’ (Y4P2’ W3P4’ nqP3’ @3@5’ aqP5’ a4P6’ 

Q5P6’ D6P5’ and a7P5). This redundance allowed checks to be performed 

like the comparison of the a2pzp3 and a302 rates, etc. Two random rates 

[ ( m303)R and ( cz4P4)R] were also continuously recorded. 

The telescopes covered the dimuon mass (mu 
2 

tw 
= p,pP OiP) ranges 

of 2.5 5 m < 5.2 GeV and 3.2 < m < 7.4 GeV in the 76-mrad and 96- 
tw - PP 

mrad configurations respectively. 

We tested the equipment with the beam impinging on the standard 

beryllium target, located approximately 4 meters in front of the beam 

60 dump. The counter gains were cross checked with a Co source. With 

the target in place we found very high singles rates, very high rates for 

single muon production and also for apparent double muon coincidences. 

Many of these events were due to pion decays in the 4-meter distance 

between the production target and the beam dump and to randoms which 

varied considerably depending on intensity and RF bucket populations. 
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With the target removed, singles rates dropped typically an order 

of magnitude. The single arm coincidence rates and the dimuon rates 

dropped by one to two orders of magnitude. Thus counter gains had 

to be rechecked. Typical randoms varied from 1% to 30% depending 

on intensity and RF structure. These target-out runs were made in 

few short runs, each of 114 to 3 hours duration. We were able 

to vary the beam intensities from less than 3 X IO9 to 10 12 
protons 

per pulse. 

Figure 2 shows two integral dimuon spectra corrected for 

geometrical efficiencies, obtained in the 76-mrad configuration with 

some iron removed. One of the spectra was obtained with a beryllium 

target in the primary beam, while the other was obtained without any 

target. Both spectra show a structure at 3.1 GeV. The structure is 

present in all the other spectra which have been taken at different periods 

and at incident beam intensities differing by 3 orders of magnitude. This 

indicates independence from random rates and from the number of protons 

in each RF bucket. This structure is consistent with the recently dis- 

covered $ (3105). 2,3,4 

Clearly a measurement of the type described in this note does not 

have any problem with event rate, but suffers from a large number of 

systematic uncertainties. Our poor energy resolution and the small 

number of counters used did not allow us to properly differentiate the 

integral spectra of Fig. 2. The absolute normalization of the dimuon 
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cross section is made difficult by multiple scattering effects, by beam 

normalization for low intensities, by the inprecise knowledge of acceptance, 

and by the fact that we measure only a specific configuration. The order 

of magnitude yield of eventc in the 3.1-GeV structure is about one event 

per iO* proton interactions, corresponding to a production cross section 

of the order of > 10 
-33 cm2 * 

. This is only a rough order of magnitude. 

The graph of Fig. 2 does not show indications for the 3.7 and 4.15 states, 

because either their production cross section or their ++pL- branching 

ratios are smaller than those of the 3.i-GeV state. 

Figure 3 shows two dimuon spectra obtained in the 96-mrad con- 

figuration, with and without the first absorber. The spectra may suggest 

a structure at m 
2 

PP 
= 36 GeV2 at the level of about one event per i09 

proton interactions. The effect was found to persist, independent of 

beam intensity over two orders of magnitude. Thus if the effect were 

real, it is unlikely to result from accidental effects. On the other hand, 

since the break in these spectra is associated with ~$3 correlations which 

always involve p, (Fig. 3a) the question of systematic effects arise. In 

all cases, the counter efficiencies had been plateaued and it was established 

that all correlations peaked at about the same power supply voltage. The 

structure seemed to persist when 5 ft of iron was removed from each 

arm (Fig. 3b). 

This quoted value of the productioncross section assumes I’ = 0.1. 
w 



The smallness of the cross section, the small number of counters 

available, and the nature of the environment with its high background 

rate do not allow us to reach a definite conclusion on this structure. 

We conclude that we have observed the 4 (3105) - bp at a level of 

a about 1 event in 10 proton interactions and that if other structures in 

the pp mass spectrum exist they are produced with cross sections at 

least 10 times smaller. 

We express our thanks to J. Schivell for early operation of the 

range telescopes, to R. A. Lundy for his help in installing the equipment, 

to P. Koehler and the Meson Operation Staff for arranging some special 

runs. We acknowledge a number of discussions with many colleagues 

at Fermilab. 
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FIGURE CAPTIONS 

Fig. 1 Layout of the two range telescopes in the 96-mrad configuration. 

Fig. 2 Integral dimuon spectra taken with the telescopes in the 76-mrad 

configuration and (a) with the Meson Area target in place and 

(b) with the target. 

Fig. 3 Integral dimuon spectra taken without the Meson Area target, 

with the telescopes in the 96-mrad configuration and with 

(a) the telescopes as in Fig. 1 and (b) removing 5 ft of iron at 

the front of each arm. The yields are over an order of magnitude 

smaller than those of Fig. 2. 
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